SUMMARY The diagnostic accuracy of 14-lead exercise electrocardiography was evaluated in 112 women who had no history of myocardial infarction and underwent coronary angiography. The sensitivity of STsegment displacement of 0.1 mV or more in any of 14 
in the left anterior descending coronary artery in all six women with typical angina pectoris.
Maximal exercise testing in women with typical angina provides important diagnostic information when 11 standard ECG leads are recorded.. In women with probable angina or nonspecific chest pain, diagnostic exercise testing is less useful and bipolar leads CC5 and CM, are sufficient for most clinical purposes.
THE DIAGNOSIS of coronary disease in women with chest pain is a difficult problem in clinical medicine. Exercise stress testing in women has a relatively low diagnostic yield for obstructive coronary disease compared with that in men, especially when symptoms are atypical or nonspecific.1 S Symptomatic women who have a positive test have a lower risk of coronary artery disease than do men, and have fewer coronary events.'0 11 Different ECG leads have been used in exercise studies in women.3 ' 7, 8 Data on the predictive accuracy of individual ECG leads in clinical patient subsets are often not stated, and some ECG leads may be associated with more false-positive results than others. In this study, we evaluated the diagnostic accuracy of 14 ECG leads recorded during and after exercise in 112 women who had no history of myocardial infarction and underwent coronary angiography.
Material and Methods Patient Population
The patients were a prospective series of 112 women, mean age 49 years (range 29-64 years), who underwent a maximal stress test using 14 ECG leads within 1 week before coronary angiography. The in-dication for cardiac catheterization was typical angina in 41 women, probable angina in 28 women and nonspecific chest pain in 43 women. Typical angina pectoris was defined as a substernal discomfort precipitated by exertion, relieved by rest or nitroglycerin or both, and with typical radiation to either shoulder, jaw or inner arm. Probable angina pectoris had most of the features of typical angina pectoris, but in some aspects was not entirely typical (e.g., chest pain in unusual location or not always relieved by nitroglycerin, or inconstant precipitating factors). Nonspecific chest pain was defined as chest pain that did not meet the criteria for typical or probable angina pectoris and included chest pain unrelated to activity and unrelieved by nitroglycerin or rest or both.
Patients who had a history of myocardial infarction, valvular heart disease, left ventricular hypertrophy, bundle branch block or patients who were taking digitalis preparations were excluded. Patients who had a systolic click or evidence of mitral valve prolapse at left ventriculography were also excluded. Cardiac medication except for sublingual nitroglycerin was stopped for at least 2 days before the test in 70 patients; 42 women were receiving chronic A-blocker therapy within 2 days of the treadmill test. The incidence of ST-segment depression in the ECG leads monitored and the final treadmill work time were similar among the women with and without A blockers. All 53 patients with a negative test achieved at least 85% of their maximal age-predicted heart rate and 36 achieved at least 90%. or a negative test in the three clinical subgroups. The prevalence of obstructive coronary disease was 75% (31 of 41) in women with typical angina, 36% (10 of 28) in women with probable angina and 2% (one of 43) in women with nonspecific chest pain (p < 0.001). Multivessel coronary disease was uncommon in women with probable angina and was not observed in women with nonspecific chest pain.
Exercise Test Results by ECG Leads Recorded
The classic criteria of exercise-induced horizontal or downsloping ST-segment depression .0.1 mV or ST-segment elevation >0.1 mV for 0.08 second after the J point resulted in a sensitivity of 0.71 (30 of 42) and a specificity of 0.73 (51 of 70) using the standard 11-lead ECG (table 2) . Leads I and aVL were the least sensitive, followed by leads V1 and V2 and leads II, III, aVF and V8. The sensitivity of unipolar leads V5 or V8 was 0.57 (27 of 42). The specificity of leads I, aVL and V1 , ranged from 0.91-1.00, compared with 0.80-0.84 for inferior leads IL, III and aVF or lateral leads V, 8 . Nineteen of 21 patients with proximal left anterior descending coronary disease and 10 of 13 patients with multivessel disease were detected using the 11-lead ECG (table 3) .
Of the 42 women with coronary disease, lead CC6 The false-positive rate was significantly higher for ST-segment shifts that occurred only during exercise. Of 52 women with a positive ECG in leads CC6, CM6 or ML, eight of nine (89%) were falsely positive if the ST-segment shift occurred only during exercise, 12 of 36 (33%) if the ST-segment shift persisted in the recovery period and one of seven (14%) if the STsegment shift was recorded in the recovery period (p < 0.01) (table 4). The results were similar with 11 or 14 ECG leads.
ST-segment Elevation
All six patients with ST-segment elevation >0.1 mV had 80% or greater stenosis of the proximal left anterior descending coronary artery. Only one patient had multivessel disease. The ST-segment elevation occurred in leads V1 , in three patients ( fig. 3 ), in the lateral leads (I, aVL, VI-, CC6, CM5) in two patients and in both lead groups in one patient. There was no ST-segment elevation in the inferior leads. In one woman, variant angina was suspected because of a positive ergonovine test; in a second patient, an akinetic wall motion abnormality was present at cardiac catheterization. Thallium-201 uptake in the anteroseptal region during exercise was decreased in each of the four women who had a rest-exercise myocardial perfusion scan.
Three patients had ST-segment elevation .0.05 mV but <0.1 mV. All three had multivessel coronary disease .70% and a stenosis .80% of the proximal left anterior descending coronary artery. All nine patients with exercise-induced ST-segment elevation .0.05 mV had typical angina. Eight had associated horizon%a .
VOL 65, No 7, JUNE 1982 Only one of 112 (0.9%) women had a decrease in nary disease was 0.79 (11 of 14) vs 0.89 (25 of 28) for peak systolic blood pressure during exercise. She had women with typical angina, 0.50 (three of six) vs 0.46 nonspecific chest pain, normal coronary arteries and (six of 13) for women with probable angina and 0 normal left ventricular function at cardiac catheteriza-(neither of two) vs 0.0 (none of 11) for women with tion. nonspecific chest pain (NS).
Twenty-seven women had an abnormal increase in The predictive value of downsloping vs horizontal diastolic blood pressure during exercise. Of 11 with ST-segment depression .0.1 mV for multivessel corotypical angina, 10 (9 1%) had obstructive coronary disnary disease was 0.29 (four of 14) vs 0.55 (10 of 18) for ease and three (27%) had multivessel disease. In conwomen with typical angina, 0.17 (one of six) vs 0.0 trast, only one of six women with probable angina (none of 13) for women with probable angina, and 0 (17%) and none of 10 with nonspecific chest pain who (neither of two) vs 0.0 (none of 12) for women with had this finding had coronary artery disease (p < nonspecific chest pain (NS).
0.05). The configuration of the ST segment during or after exercise is a useful diagnostic guide in predicting coronary and multivessel coronary disease in men.23 25 In symptomatic men, a slowly upsloping ST segment depressed .0.2 mV 0.08 second after the J point is predictive of coronary disease.20 26 28 In symptomatic women, this criterion decreases specificity. In symptomatic men, downsloping ST-segment depression >0.1 mV 0.08 second after the J point is more specific for obstructive and multivessel coronary disease than a similar degree of horizontal ST-segment depres- 23, 29 sion. In our symptomatic population of women, downsloping ST-segment depression had the same diagnostic importance as horizontal ST-segment depression for obstructive and multivessel coronary disease.
The prevalence of ST-segment elevation >0.1 mV was 5% (six of 120) in our study. This finding was specific for coronary disease and was not associated with false-positive results. Lesbre in any of the 12 standard ECG leads during or after exercise.
Nonspecific Chest Pain
The pretest risk for coronary disease was 0.02 in women with nonspecific chest pain. Multivessel coronary disease was not observed. In a larger study of 1397 women with nonspecific chest pain who underwent coronary angiography in the CASS study,"3 6% had obstructive coronary disease, 2% had multivessel coronary involvement and 0.6% had left main or three-vessel coronary disease. Clearly, noninvasive diagnostic tests for coronary disease will have a low diagnostic yield in this patient subset and perhaps should not be performed if the sole reason is to identify extensive and severe coronary disease.
Strengths and Limitations ofthe Present Study
The predictive accuracy of significant ST-segment shifts was strongly influenced by the patient subset examined, regardless of the lead system used. The concept of analyzing noninvasive test results in terms of cli'nical subsets was not applied in many of the earlier studies in women.1
The rate of false-positive or false-negative results in the earlier studies (table 5) relates to a clinical population in which the overall prevalence of coronary disease was 0.18-0. 41 Bipolar leads CC, and CM, are sufficient for diagnostic purposes in women who have probable angina or nonspecific chest pain and who have not had a myocardial infraction. Although the 12-lead ECG provides similar data, it requires 10 rather than four electrode placements. However, the 11-or 14-lead ECG is' recommended in women with typical angina or when variant angina or infarction have occurred and ST-segment elevation is likely.
